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Field of the Invention 

The present invention relates to a method of making 
a composxte powder. In addition, the invention relates to 
a conposite coating for coating of a substratum, espe- 
5 cially piston rings. 

Baekcrround Art 

It is already known to cover objects which are ex- 
posed to great strain i„ the forn, of friction, heating 
0 corrosive environmental conditions etc. with different 
types of surface coatings which are usually resistant to 
abrasion and other Jcind of wear and tear. In certain 
cases as for example in the case of piston rings for 
diesel engines, a problem, however, arises in that the 
. rzng coating has to be abrasion-resistant but at the same 
ti.e not so hard that it damages the cylinder liner in 
the cylinder, in which the piston ring runs. Piston rings 
used in a diesel engine, for example, are exposed to ex! 
tremely great strain in the form of, inter alia, high 
temperatures, highly corrosive environmental conditions 
tensions in the piston-ring material and friction against 

are Zl " '""^ ^^"^ "^'^^ 

are made on operational reliability when such rings are 

used m marine engines. ■ 

in prior-art technique, for example, electrolyti- 
oally applied hard chromium or ceramic chromium are used 
in order to increase the resistance of the coating to 
for example, abrasion and corrosion. Electrolytic appli- 
cation Of one or more layers of a material having suit- 
able protective properties is one way of trying to in- 
crease the resistance. The problem is to produce a layer 
Which IS resistant to abrasion, corrosion and high ther- 
mal stress. Attempts to apply a plurality of layers hav- 
ing individually different properties to provide resis 
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.ance to diHerent tvpes of lax »a «ax t.us are ^de 
^re and more «ith ^^^^"9, . <,<,ating n«te- 

;^t>>er «ay of ^^^^f "^/JX ro^oIU a coating 

5 having the desired P'^^P"^""^:/" „^^er of differ- 

.iscloses a method of produ -g ^^^^^^^^ 

con^site po„ders^ BV^^s ^^^^^^^ ^^^^^^ 

^r'Tbv Sintering an existing powder which has a core 
produced by s.nter^g 

10 of, for instance, ^^^^^^ J ^^^j, another powder 

■ fluoride, and a coating of "^"^f ' "^^ „i,l, .he 

... for e^^le, '^^^^'^^^^ '^Z. U.:.. I process 
^.sting nicKeX ---^.'J^^^oned docur^nt ta.es 
«hich accordi^to the ^^^^^ disadvantageous. 

15 about 40-50 hours is, j^^^ts the possi- 

in addition, the method °^ ""^^^^^^^^ ^,,^3, and chro- 

■^""Tg:ea:TaS - ThetXrald chro„.u. remaining 
Ts'^lptrireyases aiso after 3-"--^ ^ ^ 

- ir^itroraTo:^^^^^^^^^^^^^^ = - - 

rial in ^estion fails to powder is 

normally, thermal spraying of a -"^^u^: P 

.sed in order to provide ^ rr^/^Je t^^r com- 

,S This method gives a ^ZlZ. Z^ are more ex- 

p.,3es °4 I^r^uses great problems 

tensive than desirable Th 
of adhesion of the particles ^^ f^J 

form the coating. The poorer , „l^oh 

30 ous .ones --;;,rerarin" th! thermal 

decreases the strengx^xi ui- 

stability is affected in a negative '^"^ 

JP1008B312 discloses a WOF-sprayed coating P 
.on rings, the coating comprising a first nio^l ^roup 
3S <.0-.0 per cent by weight. =ont— Cr^^^ ^^^^^^ 

err mCL sired si., ho is used in prior- 
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art technigue In order to cause adhesion between the re- 
maiixing parts of the coah 

IIT ' "° '"^ disadvantage of gi.. 

=°-t«gs eleotrochenacally, unstable properties fn 

t!rl « n """^1- this type of appllca- 

t:Lons. :ls used in prior-art technlgue to establish 

"«=^ical bonding between the re^ininrparts of 

to Tn'th" T --loping br.^:ie- 

ness in this type of applications. 

A solution thus still has to be found to the problem 
Of providing a composite coating that is intended f^ 
covering a substratum and that a^ibits thern^l stl^Ilitv 
during production as well as use while at t^LTtlll 

- aegree of resistance to Jll'Z IZo- 

Summary of the invention 

. above'!:e1"ti:rr^':.'^"°°"'' >=->^-d given 

aoove are initially eliminated by providino a h™,„„ 

Claim 1. The substratum covered with the conposite coat 
.ng preferably consists of a piston ring lnT:c:rL:e 
Vlth Claim 3. The composite coating is formed by a cim 

Z^LTll ''^"^"^ -^-^^ - = --^od Ac- 

cording to claim S. said composite powder is applied to 

weri «T"tT r ' ^^'^"-^ embodiments as 

from th . -cording to the invention will appear 

from the dependent claims. ppear 

In preparation to being applied to the substratum 

to : °' -"^--^ i'-der 

to separate out the desired aije fraction of m, 

ite ^waer for applying .he coating'tp^dln^l^r 

oTt: ::r:::ieri:T::.'" ^ — ™ 

rcicies IS lost or is transformed In the annU 
cation process, for which reason the ooncentratlL^^f 
the Phases in the coating can differ compared with the 
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originally included concentrations of the phases for pro- 
ducing the composite powder composite 

consequently, the invention relates ^ 
coating, which is especially intended for P^^^ ^^^f 
S aid Which co^rises a .etal cera^aic co:^osx.e, ^^^^^^^^ 

characterised in that the metal ceramc con«,os:Lte con 
characterxs ^ ^^^^ ^.^^ ^ j^^^^ 

sists of 25-75 per cenc y coating ac- 

v,=c=o said hard phase being CraOa- Tnus, txic => 
phase, saiQ nat^ f .^^.^ r,-F a metallic phase and 

cording t= tKa invention f ^^^^^ ..cl^ical 

XO a bard phase or ™etal =«-"""/'^"-^^^^,,g „££,,3 an op- 
.nd tril>ological f :rtS materials in- 

titnal combination of the properties o „^,nce 
exuded. The finished coating has a ""^ J^//^^^!^ 

«hich is e^ivaxent to that of .r^^. 
miu.. By combining HiCr «.th a ^^J^^l^^^^^^^ 

rslrt ^::!;e:a:nrt.::' ^rlaX ;roperties th^^ 
possebBco ,v,4^v. -its a common wearing 

fr.^ -iTifitance, hard chromium, which is a commw 
for instance, na feature which makes the coating 

"'nd::gir:-—ore::eciaXX. suitable for cover. 

" tr fifp ton rings. The co^ination of a ductiXe phase 
'n! a hard phase in the coating results in a very h.gh 
::tistrc! to abrasion and at the ea^ time it provrdee a 
certlin ductility. «>is ductility of the 

,5 great advantage, for instance, when it is used to coat 

piston rings^ embodiment of the coating according 

« the i:v^:ion, the hard phase of the — ™ 
consists of Cr,03. The chromium oxide has very sat.sfac 
30 ::ry tribological properties^ pother — - 

coating of precisely NiCr and CrjO, is that a , = 
alwcal Lnd is established between the^chronaum m 
the metaXlic phase and that of the oxide phase^ ^ 

in a preferred embodiment of the invention, the com 
35 posits coating has a porosity of 2-10 per cent by volume. 
^! porosity ot the coating it-parts to the cavities in 
S c:i:i^ a certain capacity of absorbing deformations 
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SlrLit-'""' r''^'^' ^ '"^"^'"'^ '° ^ -tent 
j-ijjTmacion or cracks in thf^. 

coatxng therefore is regarded as n»re ductile and the 
pheho»,enon is referred to as false ductility. A further 

tiir ""^^^^-^^ ^^-^ ^= 'ac- 
tion as lubricating-cil buffers. 

In ^-^^ =°-W°=ite coating can be applied to a substratum 
in different ways in accordance with prior-art tech- 

LO s":«:™ ^7'^' °' "^"^ techni^es of covering a sub- 
stratum With a coating is by means of laser or other 
welding methods, plasma Jet spraying, and HVOF method 
methods Which will not be described in more detaU 

5 i= relates to a piston ring, which 

S is provided with a coating that conprises a metii ceramic 

^= characterised in that tL metal 
NiCr and a hard phase, said hard phase being Cr^o, The 

a ^^^^;]z^-^ — ii: rr- 

suspension consisting of a mixture If lZs llZTC^ 

».Cr and a hard phase, said hard pLe ::Lr 
Cr30„ Obtaining particles from said suspension and p^c 

ToZ T""''' — Of a drying method in or- 
aer to form the composite powder. 

One advantage of .the above-mentioned method is that 
thanks to the composite powder produced thereby it b^ 
comes possible to obtain a powder, which, after hlvW 
been applied as a composite coating to a substrat™ 

fl^o'r: possesses™;tis- 
firoThioh — osion resistance but 
also a hxgh wearing strength. The subsequent application 
Of the conposite powder to the substratum, wheSin a 
coating having all the three desired properties Ts 
formed, xs, of course, facilitated when it can be 
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achieved by one single .«terial. Moreover, ^f^^^' 
clrdlng to the invention .Hows the powder to be forced 
t^^a sLle suspension in such a way that ho.o„s 
aTsatisfactory particles, or so-called granules, are 

inventive idea concerns a ^thod according to 
Which the particles are obtained fro. the euspensron by 
Slowing the suspension to drip into a refrigerant 
allowing ^„ formed. This t»ethod will m 

^nSi::ln:?eTererred to as free.e granulation. This 
fr«'f granulation is achieved, for e«^le, by spraying 
freeze granuj. j< into liquid nitrogen, 

the suspension as formed directly into l qu 
the sprayed droplets instantaneously forming frozen 
spL:!caI particles. Xn accordance with ^^J^^^^^^^^ 
method, the drying method with a view -^J^^^^J^^^^^ 
posite powder from the particles comprises 
Leeze granulation of the powder material has a large 
^ r S advantages over conventional -thods of which 
the following advantages deserve to be mentioned. 

The frozen droplets produced in the process of 
freeze granulation have the same composition as the 
::rgiL! suspension. Thus, migration of J-^"/- 
Ld nossibly of binders during the drying, which is a 
^ICin Iltemative methods of drying, such as evapo- 
rltiol is avoided. The migration gives ris. to inhomoge- 

granulates. A very high yield of material in the 
rrocass is another advantage gained by ^^^J^^^^^^ 
freeze granulation. In addition, the density of particles 
L be controlled by means of the dry contents (the 

a„„unt of powder, in the ^^^^^ 

According to yet another aspect or t 
method of producing a composite powder of NiCr and the 

mei::iiou w j „^ T-h^. mettiod involving 

hard phase comprises spray dryxng. f ^"^^^''^^^^^^.^^ 
spray drying of the particles is a further ^^^^^^^J^^ f 
spray ary g above-mentioned methods of pro- 

i producing the powder, xne „-r-*^=or-red 
Lotion should only be regarded as exanples of P'^^^^'^^^^ 
methods of producing the cot^osite powder and should not 
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be considered to limit the inventive idea i 
methods Of nrn,^,,..^^ . ^1^° °ther 

the invention ''"^ -mposate powder according to 

invention are possible 

>:y properties as possible, it Is important that th» 
product on which the process is baseJls ^ 
10 well dispersed. One example oj . '»'»°SeneouB and 

ner which is .uita^irr, H "-S-'^-ely charged poly- 

suitaJDle as a dispersing agent is nol^, 
-rylxc acid. The advantage of using a po^l^ L 
persing agent Ir. i-h^ ^ ^ . po-^ymer as a dis- 

is that it L ™dT " °' 

IS tion when the 1^1 ^T" "^^^^ 

coating. WHed on the substratum as a 

Ibe invention also relate<i ^„ , , 

^0 "-"^ at:„^:~-he:Lttlt a" T^' 
hard and brittlTlif " 

plasticLeL "s"t ne f c^r ^ ^"^^^^^^ 

= coi ,PBo, is one e^an^^iTo^^ L^::::: ' 

tage of using the above -mentioned softenersTth 
auction Of the powder in question irth^t tK 
moved from the material ! ^" 

when the layer is aTO^ie?^^ -«ni,le, 
I Tr, „ / "PPl^'d to the substratum as a ooatina 

In order to prevent the chromium oxide fro™ T 
continuous zones It, n,. . oxide from forming 

can arise andZ^tr^rLt^lirtr::. T " 

.t%no^:i~r- - ^ ----^ - — 

the fact t^t th!" partly due to 

the very spray*: T"^"'"^ ^^'"'^^ disintegrate during 
the dri^d pa«LLs °' Pre-sintering 

loies at a temperature of 1000-1500°C for 
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ice powder, which is one way of decreasing 
^sirtegra;ion when the co,.posite powder is applied xn 
the foirm of a coating. 

n^scriotion of a Prefer ^'-^ Embodiment 
^"^"^^^^IJ^^^^^^lii^Si^of the method according to 
the invention and products produced by means of the 
!rhod according to the invention will be described in 
, ::n!llo:ing. ?he described en^odiment should not be re- 
g^del as lifting but is given by way of --"P^^ ^^^^ 
' AS a starting point when producing a con^osite pow- 
der according to an inventive method, it is 
le an aoueous suspension, depressed in simple terms, a 
. "^ftLermethod co^rises the following steps. A powder 
St^^ containing 60 per cent by volume of HiCr ^d 

ITLr cent by volume of Cr=0, is added to the -<J"-°"= 
40 per cent y produce an alloy 

::::^ri:ga^r3: ;ent by weight - - ^ 

0 20 per cent by weight of Cr. Dispersing agents are^dd 

to the a^eous suspension, which is ''^""f f ^^^^^^ 
ensure that a homogeneous suspension is obtained. Binders 

m a preferred embodiment, softeners are 
Tdir he r:s:iri:: suspension is mi«d additionally. - 
,S According to a preferred method of the 

suspension is subse^ently ^^^^'-^^^^^X ZlZl an 
aried, causing ^^f^l^^Tsl^T.ZL with the re- 
optimum result when covering at. .^v=ri in such a 

suiting composite powder, the powder is ^^^^^f 

tides larger than 150 ^m cannot be used .n plasma^et 
spraying using today's methods. ^^^^il 
The invention will now be described xn more detaa.1 
35 by means of a preferred enO^odiment which --^-^--^ ^ 
Jthod of producing said composite powder according to 
methoa or prw«^ci a charaed polymer 

which a dispersing agent in the form of a chargea p 
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is added to the suspension. In order to give the parti- 
cles as satisfactory Drooe*-hH.= . . ^ ""^^ 

tant fViai- ^ " " " i^^^e»xi^j.e, at is impor- 

h™! °° P"'^^" i« based 7s 

homogeneous a.d well dispersed. One exan^ie of a nega 
t.vely charged polymer that is suitable as a dispersL 
agent is polyao.:yli. acid. The advantage of us^^a 

h.«r r removed from the material by 

heat conduction when the layer is applied to the slstra- 

TadLt™''^" ~ °^ ^^^--^^-^ --t haTto 

be adapted to ensure production of as many particles as 
possible within the range of 45-95 um . J P^^^^^^^s as 

• ^ oi -aij-ss ^m, which is the odi-t- 

mal size for plasma-^«^ 



10 



mal size for plasma- jet spraying". 

15 Of proLcirs'lir ^"^^"'-"^^^ ^^-^ -^-es to a method 
producing said composite powder, according to which a 
bxnder is added to the suspension. The choicf of biller 

- too hard and brittle whilete^ Z^^'l 
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ing th^ s::ptsioTto r^p f::: t^-'-'''' 

oooled particles are f . ! refragerant, whereby 
aranul J , method, known as freeze 

granulation, also comprises subse^ent freeze-drying T 
Which process the water content ^r, ^ -^^ng, m 

sublimed Thio F content m the frozen granules is 

i^limed. This freeze granulation is achieved, for exam 
Pie, by spraying the suspension as formed dir;ctry IntT 
liquid nitrogen, whereby frozen spherical particlL fol 
instantaneously. P«-^ticj.es form 

Ino r! "^"^ °* "iC^ before sift 

of^icr ' ^r'^"^^'^ °' " by volume 

Nicr. The remaining amount of the composite powder ' 
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consists Of a ^ar. phase as a supplen^nt: " .he tirst 
^ Of NiCr the hard phase bexng CraOs- 

— ;o =oa. a s^s^a.^ ^arrra 

i-^-rial according to the inventxon, a prior a 
terial accorai g welding or plasma-: et 

somewhat. preheated and/or post-heated 

T>i^ niston rxng may oe paren^w ^ 

The pisto a conventional oven, before 

in a conventional manner xn a conve ^ 

obtained. The -li-"^^"^^,°"^^:^'*^r:^::Ve£erably 3-S 
10 per cent by volun« of pores, "^^J"^ J per 
oer cent by volm« of pores and most P"^*'^"^^^^^ . . "^^^ 
per cent ^ amount o£ NiCr suitably is 

cent by volume of pores^ p^ferably 
between 2S and 75 per y preferably 

between 30 and 55 p^ cent y ,,,«,tially re- 

"TZ Ta^^f hnoatir^'which contains other matter 
rh::Torand »iCr, consists of - -rd P^^^, 
. co^^osite --^^'^S^accor^S P-^*;^ 

= ir:erf:r ;o"^:^ aTsi™ to dry wear 

::::airntr or superior to that^f 
n —ml; :::e:rrr: t^^ ^^r 
» — tr— 

btT^I to or surpass that of hard chxomr™, ^ f ^ 
passivity in a strongly corrosive --;~^^rstLed 
Of the :;,,^eLlently adapted to cover 

" ^Ll::.: Hardlesr-tin. according to the .oc^ell 
Crsrrest Shows that the hardness of the coatm. is 
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about es HR 62.5 kg. heat treatment at SOO'O for 
24 hours, the ooatlna . . . 

ei-»=,== u ^ onougn shows an in- 
crease Of hardness to about 70 HE 62. s kg 

9ardef totLrf ^^'^ -terials. should be re- 
garded to include not only conventional powder materials 
but also such powder materials that h.^. "^'^"^^^ 
a binder in order to r, ° """^"^ "^"^ 

be an adv^tLe H ' consistency, which 

J pisti^T::'^'- ^^^'^"^ -"^^^ - 

erties of whirarr^r™ 

tbe coatinas which are'vaiilrtrLrTCiirar^: " 
understood that the above-described f . ^ 
Mned in different ways in^irtl p^nr^L^r 

rftt °' -veLrrier^or:.. 
^..reb^ r t—i— tTtLTLtr-rr 

instance, the ar,r,n ^- described above. For 

ried ^PP^^^^^'-on of the substratum can be car- 

deviating fro! thTila oTtl^^e^r 
can thus be further '^uT.::iZ::\T:.^T.tZ 

p"a::rari'" - - -finedrtL^rp- 
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X X con^osite coating, eepeoially intended for pis- 
ton rings vTich coating co,«priseB n»tal ceramic co^oe- 
ton rings, «nn. ^^^^^^^^ tHat the metal ce- 

ite, c h a r a c (.gnt by volume of 

""T ITrrLr;: r aid .arS p.ase being Cr,0. 

rVco:p"lte"coating as clai^d in claim X. 

coating .as a porosity ^ -"J^ :::,^rnoa-- 
3 A piston ring, whxch is provide 
rising a ceramic^metal co^^^i.e-^ ^^^^ 

. -It, of 25-75 per cent by volume of NiCr and 

posite consists of 25 /= p= 

» hard Phase, said hard phase being Cr,0,. 

n Pisto; ring as claimed in claim 3., which has a 
coating with a porosity of 2-iO per cent by volume. 

5 A method of producing composite powder, 
characterised by preparing an aqueous sus- 

1 ccnststing of a mixture of 25-75 per cent by vol- 
uirif N rinl a\ard phase, said hard phase being Cr O3, 
™ta!Lng particles from said suspension by allowing the 

rs:ensi:n^o drip 

^articles are formed and processing 

Tals of a drying .etW in order to for. t^e con^osite 

A method as claimed in claim S, -rein t.e d 
ing method to form the composite powder from the parti 
cles comprises freeze-drying. = g m 

7 K method as claimed in any one of claims 5-6 m 
7. A metno charged polymer 

which a dispersing agent m tHe torm 

is added to the suspension. ^ ^ . = -7 in 

8 A method as claimed in any one of claims 5-7, m 
which a binder is added to the suspension. , , 

9 A method as claimed in any one of claims 5-8, m 
vlxich a softener is added to the suspension. 
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10. A method as claimed in any one of claims 5-9 i„ 
which the d^ied particles are Jl ' 

ture Of 1000-1500OC for 30-90 ^inut'eT." ^ 

5 in that'it Characterised 
an that at .s produced according to a method as claimed 
in any one of claims 5-lo. claimed 

12. A composite coating, especially intended for 

10 !!1 - h ^ - - c t e r i s e d in that the composite 
10 coatxng .s formed from a composite powder, which ±s pro 

duced according to a method as claimed in any one :f 

Claims 5-10. 
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